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ABSTRACT

ARTICLE INFO

Non-uniform drying and head rice reduction due to non-movement of paddy in
common fixed bed dryers is one of the basic problems in rice milling factories.
In order to investigate and provide a suitable drying method with the approach
of creating uniformity in drying process, reducing losses, and saving energy
consumption, a two factorial experiment in completely randomized design
(CRD) was used. The factors were the initial moisture content (IMF) of paddy
at two levels (16 and 18%) and drying methodat 4 levels (one-way air flow,
reverse air flow in 1 hour, 2 hours and 3 hours and then continuation of drying
process the same as one-way airflow). The same drying air temperature and air
velocity was considered for all treatments. In both moisture treatments, three
hours reverse air flow drying has the highest head rice (75.7-75.86%) and the
lowest energy consumption (41-49 MJ/kg water). The highest energy
consumption with the amount of 79 and 67 MJ/kg water was belonging tothe
one-way air flow treatment of paddy with high and low IMC (respectively).In
one way airflow, dried paddy in 10 cm from the bottom layers of dryer has the
lowest amount of head rice (63.65%). In both moisture treatments, the results
of mixed layers showed that one hour reverse air flow drying with values of
68.28-68.68% had the lowest head rice. Also, drying method had no significant
effect (P>0.05) on the cooking quality.
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1. Introduction

Freshly harvested paddy from the field must be
dried in time for storage and conversion
operations [1]. The delay in the drying operation
and its inefficiency can reduce the grain quality
and increase the waste [2]. Rice is a heat-sensitive
biological material, and some of its quality
properties, such as the amount of healthy rice and
the color of white rice produced, are significantly
affected by drying conditions [3-4]. Rice drying
is a unit operation that consumes a lot of energy
[5-6]. High energy consumption in the process of
drying rice, one of the main problems of
producing countries It is considered as a rice
producer [7]. The energy cost in the drying
process accounts for almost two-thirds of the total
cost of the post-harvest processes of paddy [8].
Therefore, any change in the drying method that
reduces costs is of interest to processing
industries [9]. In general, rice mills in the rice-
growing regions of the country, especially Gilan
and Mazandaran provinces, use fixed-bed box
dryers to dry paddy. The main weakness of these
dryers is the lack of uniformity of the drying
operation [10-12]. The stability of the grains in
the drying bed causes the rice paddies in the lower
parts to be more in contact with the incoming air
and, compared to the rice pads located in the
upper layers, to balance with the surrounding air
conditions sooner.They are ripe and dry.Since
rice is a hygroscopic grain and is easily affected
by environmental conditions [14-13], it can be
expected that grains with less moisture will
absorb moisture from the grains with more
moisture, as well as the surrounding environment,
and cracks will occur in the grain [15]. The
formation of cracks due to the absorption of
moisture and the creation of moisture stress in the
grain after the drying operation and subsequent
breakage during the conversion operation is the
main reason for the reduction of the efficiency of
healthy rice in the conversion industry [16]. To
overcome the difference in humidity and
temperature created in this type of fixed bed
dryer, there are two ways, which can be referred
to the movement of paddy inside the dryer or
changing the air flow. Since in these dryers, the

1 Aging
2, Accelerated Aging
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possibility of paddy movement in the dryer is
very low, so changing the direction of the air flow
is a practical solution that can be used. The results
of Ibrahim et al.'s (2013) and Tadjadi Talab's
(2012) researches showed that changing the
direction of air flow in fixed bed dryers has a
significant effect on reducing energy
consumption, increasing drying capacity, and
producing healthy rice. Tadjadi Talab (2012)
stated that due to the significant reduction of
healthy rice production, it is not recommended to
increase the height of the drying box bed to more
than 50 cm.

Improving quality based on consumer
preferences, along with attention to waste
reduction, is a category that is always considered
by the rice industry. Rice is one of the grains that
undergo changes during storage after harvesting*
It is said [19]. These changes are often favorable
for rice consumers [20], including Iranian
consumers. Expedited processing? It is a process
that in a short period of time creates a desirable
quality similar to old rice in fresh ricehe does[21].
Steaming is one of the accelerated treatment
methods and the shortened method of semi-
boiling process® in which the soaking step is
removed [22], the results of studies in which
steaming treatment was used before the drying
operation, show the positive effect of steaming
operation on the quality of rice, especially healthy
rice and its cooking characteristics [19, 21- 24 [.
Because during the steaming process, the
moisture content of paddy increases, so to prevent
the growth of microorganisms (mushrooms,
yeasts and bacteria) and change the color of rice,
it is necessary to dry this type of paddy in the
shortest possible time.Action. Promotion of
steaming method, especially in small scale
(farmers), requires introduction of suitable and
cheap dryer.Although the non-movement of
paddy in the bed of conventional box dryers is
considered the main factor of non-uniform
drying, but by modifying them through the use of
practical methods such as changing the air flow,
it can be expected that in addition to reducing
waste, energy consumption can also be saved.
Although the results of the research show the
positive effects of changing the air flow method

3, Parboiling
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on improving the quality of the final product and
drying performance, but an important factor such
as the early change of air flow can be the problem
of moisture absorption and cracking of rice with
lower moisture in the opposite layers, and the
subsequent increase in waste in the form of
broken rice. from the conversion operation. The
main purpose of this research is the possibility of
using the reverse air flow method for drying
steamed paddy and its effect on the quality
properties of rice, energy consumption and
performance of the fixed bed box dryer and
providing a suitable drying method.

2- Materials and methods

2-1- Test method
2-1-1-Evaporation
In this research, according to the favorable results
of previous researches, Hashemi variety rice
steaming treatment was used for 5 minutes before
drying operation [21,25]. In this study, the initial
moisture level of Badu rice was 185 + 1%
16 £ 0.5 was used based on fresh weight. Freshly
harvested wet paddy was first dried in the field
before threshing. The paddy obtained from
threshing had an approximate moisture content of
16% (based on wet weight). Before the steaming
operation, in order to bring the moisture content
of rice paddies to 18%, it was necessary to add
water to them, which was calculated using the
following formula: [26]:
. . . M,-M,
Volume of water (liters)/grain (ton)=— =
1) 100-M,
M; and M,They are the amount of seed moisture
(%) after and before moistening, respectively.
The samples were steamed without soaking for
5+1 minutes using a laboratory parboil (semi-
boiling) device with a capacity of 7 kg. The
device is cylindrical in shape and includes two
upper and lower parts. Waterwith the helpAn
electric element boils in the lower part of the
device and the resulting vapors under
atmospheric pressure with a temperature of 100
degrees Celsius are transferred to the rice paddy
through the mesh bottom and hollow tubes
installed in the upper part of the device.lIt will be
given.The vaporized samples were dried after
resting for 18 hours.
2-1-2- drying
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To carry out the drying operation, a common
horizontal non-continuous dryer, conventional
one-way air flow (from bottom to top) in the rice
milling industry and reverse air flow were used.
In this method, the air flow was first established
from top to bottom, and at three different times,
1, 2, and 3 hours after the drying operation, the
direction of air flow was changed and continued
from bottom to top; Therefore, four treatments
were used for drying. The drying temperature and
depth of the bed were fixed for all treatments and
were considered 45°C and 40 cm, respectively.
The final humidity was 9+0.5% (w.b). For the
drying operation, a dryer that was designed and
built on a laboratory scale with two air inlets,
from the bottom and the top, was used.became.
During the drying process, sampling was done at
half-hour intervals from different upper, middle,
and lower layers at depths of 30, 20, and 10 cm
from the floor of the dryer (respectively) through
valves installed on the wall of the dryer at these
intervals. The drying process continued until the
desired moisture content was reached in each
drying method. The criterion for the end of the
process was to control the moisture content of the
paddy in the upper layer. At the end of the drying
process, samples were collected from the upper,
middle and lower parts of the dryer. In addition,
a sample was also prepared from the combination
of different drying layers. Ambient air conditions
(dry bulb temperature and relative humidity)
were recorded using a data logger. The wet and
dry bubble temperature and the temperature of
hot air entering the dryer were recorded using a
hygrothermometer. The temperature in different
parts of the dryer was recorded by a data logger
(Pico technology, model TC-08, UK). Paddy
moisture was measured with a GMK303 G-Won
digital moisture meter made in Korea.

2-2- Evaluation of

consumption

Consumed energy includes two parts: thermal
energy to heat the air and electrical energy to
move the blower fan. The following equations
were used to calculate the energy consumption of
paddy drying [2]. The efficiency of the power
generation device for converting thermal energy
into electrical energy is considered to be 38.5%;
Therefore, the conversion factor is 2.6 = 100/38,
which is used in the equation to convert electrical

energy
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energy into primary energy.

(2) Eclcc :26PXt
(3) El’i()m‘ = m,:,ca (T',m-u‘, _Tr' )
(4) m, =0 xp,xt

Q=AxV
(%)

The total moisture evaporated from paddy in each
batch was calculated using mass balance
equations [2]. Dryer performance and total
energy consumption were finally calculated
through the sum of electrical and thermal energy
in megajoules per kilogram of water (MJ/kg)

evaporated.
(6) F=P+W

FX,=PX,
(")

In the above equations, Q is the air flow rate
entering the dryer chamber (m3s?), A cross-
sectional area of the incoming flow (m?), V
average speed of drying air in the inlet section
(ms1), ANDrcElectric energy consumed by dryer
blower fan (KJ), Eneat Thermal energy used to heat
the drying air (kJ), P blower motor power (kw), t
total drying time (h), m,Mass of drying air (kg),ap
air density (kgm)« C, Specific heat of drying air
(kjkg*°CH)e Ti Ambient air temperature (°C):
Tmix drying air temperature (°C), F is the weight
of rice with initial moisture (kg), P is the weight
of dried rice with final moisture (kg), w is the
amount of moisture removed (kg), X, , Xt The
solid component of primary paddy and dried
paddy, respectively.

2-3- Measurement of
capacity

In order to measure the drying capacity, the
following equation was used [27]:

= drying capacity Wet paddy weight (ton/m2)

Total drying time (h)

2-4- Measuring the drying rate

The following equation was used to measure the
drying rate [28]:

drying

IMC-FMC

(9) (%h™) drying rate= t
IMC initial moisture content (%w.b), FMC final
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moisture content (%w.b), t total drying time.

5-2- Efficiency of healthy rice
150 grams of dried paddy was separated using
Satake's laboratory rubber roller peeler. McGill
No. 2 laboratory bleach was used for bleaching.
Then, the healthy white rice was separated from
the broken rice with an indent laboratory rotary
sieve made by Satake Co., Japan. Healthy rice is
rice whose length is at least three quarters of the
length of a whole white rice grain [29]. The
percentage of healthy rice was calculated using
equation 10.

HRY (%) = HR(en)
(10) WR(gr)
HR: healthy rice weight and WR: white rice
weight.

6-2- Cooking characteristics

Baking characteristics were investigated
according to the method of Singh and his
colleagues (2005).

Minimum cooking time: 2 grams of healthy rice
samples that had been soaked for half an hour
were poured into a test tube, then 20 ml of
distilled water was added and placed in a hot
water bath. After a few minutes, rice grains were
alternately removed and pressed between two
glass plates, this work continued until no white
spots were observed.

Percentage of solids lost:The cooked rice water
was transferred to the dry Erlenmeyer which was
weighed in advance and then placed in the oven
at 105 degrees Celsius until completely dry. The
difference in the weight of Erlen before and after
drying is the amount of solids lost, which was
reported as a percentage.

Elongation ratio: The ratio of the length of 10
cooked seeds to the length of 10 raw seeds.
Water absorption ratio: The ratio of the weight

of 10 cooked seeds to the weight of 10 raw seeds.
2-7- Determination of color

Color measurement was done using Hunter Lab
(color flex, model 0.45, USA). After calibration
using black and white tiles, the color values were
expressed using L* (lightness), a* (red-green)
and b* (yellow-blue) parameters [31].

8-2- Statistical analysis

A two-factor experiment in the form of a

100
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completely randomized design was used to
perform statistical tests with the help of Minitab
software (verl6). Factors including initial
humidity at two levels (16 and 18%) and air flow
direction at 4 levels (one-way air flow, reverse air
flow for 1 hour, 2 hours and 3 hours from above)
were considered. The comparison of means was
done by Tukey's method at the probability level
of 5%. Tests were performed in three repetitions
and Origin (2019b) software was used to draw
graphs.

3. Results and Discussion
1-3-Chart of paddy drying in
different layers of dryer

As seen in figures 1 to 4, in a short period of time,
the rate of moisture exit from the grain is very
slow, which is due to evaporative cooling.*It is
related at the beginning of the drying operation.
According to Kumar et al. (2015), at the
beginning of the drying process, because the
surface of the grain is almost saturated in terms of
moisture, the high rate of evaporation and
removal of moisture leads to a drop in
temperature and a decrease in the process of
moisture exiting the paddy [33,34]. The effect of
cooling is related to the drying air temperature,
grain moisture content and air flow speed [18].
With the continuation of the drying operation,
depending on whether the layers are far or close
to the incoming air, with the decrease of humidity
and the increase of temperature in the layers, the
rate of exit of humidity increased and with the
passage of time the process of decreasing
humidity slowed down (Figures 1 to 4). Other
researchers also reported similar results
[2,5,35,36]. In general, in the first hours of the
drying operation, the moisture on the grain
surface can be easily removed by hot air [37, 36].
After that, the moisture in the central parts of the
seed slowly diffuses to the surface of the seed,
and this diffusion of moisture limits the drying
speed [36] and slows down the removal of
moisture. In the final stages, depending on the

4 evaporative cooling
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drying method, humidity and temperature
conditions inside the dryer, the humidity of
different layers approached each other in
different periods of time (Figures 1 to 4). down),
after changing the direction of the air flow
(blowing air from the bottom to the top) in the
interval of 180 to 210 minutes, due to the
absorption of moisture, no significant change in
the moisture content of the rice paddies located in
the above layers was observed.
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Fig 1 Paddy drying curve at different layers for
reverse air flow drying of one hour from top
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Fig 2 Paddy drying curve at different layers for
reverse air flow drying of two hours from top

As can be seen in Figure 3, in terms of the
moisture reduction process in the final stages, the
drying method with reverse air flow for 3 hours
was the most uniform, so that after about 4 hours
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have passed since the beginning of the drying
process, the moisture content of the different
layers is very close to each other. became This is
a sign that the temperature in different layers of
paddy is closer in this drying method compared
to the one-way flow method, which can be seen
in Figures 5 and 6. As can be seen in figures 3 and
4, before 3 hours have passed, the process of
moisture change in the layers is almost similar to
the one-way flow drying method. Sufficient
removal of moisture from the rice paddies located
in the upper layers due to the change in air flow
after a longer period of time leads to the relative
humidity of the air around the grains at the time
of air return reaching a condition where the
drying process can proceed more uniformly and
in the shortest time using the method One-way
flow is terminated (figures 3 and 4).
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Fig 3 Paddy drying curve at different layers for
reverse air flow drying of three hours from top
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Fig 4 Paddy drying curve at different layers for single
direction air flow drying
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Fig 5 Temperature profile inside dryer for reverse air
flow drying three hours from top
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Fig 6 Temperature profile inside dryer for single

direction air flow drying
As can be seen in Figure 6, since in the one-way
flow drying method, the temperature difference
between the layers was relatively large from the
beginning to the end of the drying process, so the
rice paddies located in the upper layers needed
more time to reach the final moisture content of
0.9 + 0.5%. so that the air conditions around
them, especially in terms of relative humidity,
reach the appropriate stage in terms of
equilibrium humidity. Also, by changing the air
flow after three hours and reducing the air
temperature by about 5 degrees in the 30 cm
layer, an opportunity was created for the moisture
in the central parts of the grain to be slowly
directed towards the outer layers and to be able to
leave the grain easily without moisture and
thermal stress. .
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3-3- Evaluation of drying time, highest average drying rate was observed in the

. . two-way air flow treatment 3 hours from above
energy consumption, drying rate and the lowest drying rate was observed in the

and capacity one-way air flow treatment. Among the other two
As can be seen in Table 1, in both humidity methods of reverse air flow (1 hour and 2 hours),
levels, by using the method of changing the the 2 hour treatment had better conditions in
direction of the air flow after three hOUfS, the terms of energy Consumption, drymg time,
drying time has been shortened, the energy capacity and drying rate. The results of the
consumption has been reduced and the drying research by Ibrahim and his colleagues (2013)
capacity has been increased. The longest drying and Taddaditab (2012) also show the positive
time is related to one-way flow treatment, which effect of reverse air flow on increasing the drying
results in maximum energy consumption and capacity, reducing the drying time and energy
minimum drying capacity in this treatment. The consumption in the variety.shows.
Table 1 Drying Time, Total Energy, Drying capacity, and Average Drying rate for different drying
methods
Average Dryin Drying Capacit Total Ener . . .
rateg(%h'%/) ’ {Tgn/mgh) g (Mi/kg Wat%)rl) Drying Time (h) Drying method

0.49 0.012 79 16 hS

0.95 0.018 62 10 hR-1h

0.94 0.019 60 9.5 hR-2h

0.95 0.023 49 8 hR-3h

0.63 0.016 67 11 IS

0.75 0.020 48 8.3 IR-1h

0.76 0.022 46 8 IR-2h

0.98 0.023 41 7.5 IR-3h

h=high moisture, I=low moisture, S=single direction air flow drying, R-1h=reverse air flow drying-1 hour from top,
R-2h=reverse air flow drying-2 hour from top, R-3h=reverse air flow drying-3 hour from top

3-4- Efficiency of healthy rice direction of air flow. Although the results of
The results of this research show that in both Table 1 show that the average drying rate is
humidity treatments (high and low), in all three outside the critical value of h*The 1.5%
layers, the highest efficiency of healthy rice was announced by Ban (1971) quoted by Champagni
related to the 3-hour reverse air flow treatment, (2004) is not, but the examination of the data
and the results of this treatment were for the one- recorded at different hours shows that the drying
and two-hour reverse air flow and one-way air rate is high compared to the critical limit,
flow treatments. , there was a significant especially in some layers. In the reverse flow
difference at the 5% level. One-hour reverse air treatment of two and one hour, in the 30 cm and
flow treatment had the lowest amount of healthy 10 cm layer for a long period of 5 to 5.30 hours,
rice in the layers and the combined sample they experienced a drying rate higher than 1.5.
obtained from three layers. According to the Meanwhile, in the three-hour reverse flow drying
results of the mixture of layers, in both humidity method, the 30 cm layer, which had a drying rate
treatments, the two-hour reverse flow treatment higher than 1.5 for the first three hours, became
had the lowest value after the one-hour reverse air less than the critical level when the air flow was
flow treatment (Table 2). The observed reduction reversed. Increasing the drying rate in the 30 cm
of healthy rice in layers and mixed samples in two layer did not reduce healthy rice (Table 2). In the
one-hour and two-hour reverse air flow early hours of the drying process, the rice has
treatments in many cases, even compared to one- more moisture because moisture escapes from its
way flow, can be attributed to two important surface areas, so in this case, the possibility of
factors, including the high rate of paddy drying in cracking due to the_rmal and moisture stress a_nd
the layers and the cracking of the paddy in the subsequently reducing the amount of healthy rice
upper layers. The reason for moisture absorption is low. In addition, the change in air flow after 3
should be related immediately after changing the hours of drying operation and the decrease in

temperature in the upper layers created an
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opportunity to slowly direct the moisture from the
internal parts to the external parts of the seed
without causing moisture and thermal stress. In
this way, the efficiency of healthy rice in the
centimeter layer was higher than other
treatments. It should be said that the 10 cm layer
in the 3-hour reverse flow treatment and the 30
cm layer in the one-way flow from the beginning
to the end of the drying process had a drying rate
below the critical limit. Another factor that could
be effective in reducing the percentage of healthy
rice produced is the absorption of moisture after
the return of the air flow in one or two hours. In
the one-way flow treatment, the lowest amount of
healthy rice observed in the 10 cm layer can be

related to the continuous drying of this layer until
the rice moisture in the upper layers reaches the
appropriate level. In the 3-hour reverse flow
treatment, the reduction of humidity in the lower
layers at the time of air flow change is an
effective factor in reducing the possibility of
moisture absorption and subsequent cracking and
reduction of healthy rice in the upper layers, and
in terms of healthy rice produced in both initial
humidity levels, the highest amount (Table 2). In
fact, after the return of the air flow and the rice
paddies located in the lower layers facing warmer
air, their moisture content was enough to not
damage the low moisture paddies located in the
upper layers.

Table 2 HRY for different drying methods

GAMES GAMES GAMES GAMES
(mixed grains of dryer layer) (bottom layer) (middle layer) (top layer) Drying method
(%) (%) (%) (%)

72.34+0.68%¢ 63.65+1.93° 71.75+0.96° 72.61+0.52% hS
65.88+2.21'tis 65.47+2.89" 68.47+1.47¢ 67.26+0.41° hR-1h
68.28+1.68°" 69.84+1.712¢ 69.68+0.76° 69.76+1.19% hR-2h
75.86+0.612 74.98+0.83% 76.07+1.442 76.28+0.362 hR-3h
72.16+1.83% 67.66+5.17" 72.03+2.05" 68.54+3.04¢ IS
68.86+0.08° 69.27+0.23%¢ 68.91+0.82°¢ 68.18+0.16° IR-1h
71.21+0.37 71.19+1.12% 71.92+1.15°¢ 70.28+0.54¢ IR-2h
75.7+0.64® 75.11+0.75% 75.73+0.46% 74.76+£1.58% IR-3h

h=high moisture, I=low moisture, S=single direction air flow drying, R-1h=reverse air flow drying-1 hour from top,
R-2h=reverse air flow drying-2 hour from top, R-3h=reverse air flow drying-3 hour from top
Mean values + standard error mean (SEM), the same lower case letters are not significantly different (P >0.05)

In this method, the amount of moisture in the
layers of 30, 20 and 10 cm is 12.3, 12.9 and 14%,
respectively, and for the two-hour reverse flow, it
is 1.15, 15.4 and 15.7, respectively, and the one-
hour reverse flow method is 2.2, respectively. 16,
2/17 and 7/17.According to the results of this
research, 15-16% can be considered as the critical
moisture range for Hashemi rice. Juliano and
Perez (1993) declared the critical humidity for the
sensitive variety IR42 to be 16% and for the
variety IR60 in dry and wet seasons, 14 and 12%,
respectively. What is very important in the return
air flow method is to prevent and significantly
reduce moisture reabsorption by the upper layers
after changing the air flow, so it is necessary to
change the air flow when the lower layers have
less moisture.

5-3- Cooking and color

characteristics

The results of Table 3 show that different drying
methods at the 5% level did not have a significant
effect on the cooking characteristics, including
minimum cooking time, lost solids, elongation
ratio and water absorption ratio. Due to the non-
significance of all the results, only the
information related to the mixed samples of
different layers has been given. Also, different
drying methods had no significant effect on color
parameters such as L*, a*, b* (Table 3). Since in
this research, the important factors of drying,
including the height of the bed, the final moisture
of the paddy, and the temperature of the dryer
were the same in all treatments, therefore, the
lack of difference observed in the results of the
cooking characteristics and the color of the final
product is not far from expected.

Table 3 Cooking properties and color of rice for different drying methods

b* ax L* :
ratio

Elongation

Water Solid loss
uptake (%)

Cooking
Time (min)

Drying
method
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ratio

19195035 13740020 6736093 16420020  274:021°  234322° 1333:057°  hS
1893048 1 38+018" 60.080.66° 165:0.08 247:0.14° 2374105  13:0°  hR-1h
183:0.18 152:024° 68.64:071° 165008  258:0.33  228:02°  13:0°  hR-2h
19.16:0.44

- 151:0.12* 68.41+106° 166£0.05  2810.34° 2206:3.18  13:0°  hR-3h
BI04 5440110 67.48:046° 16420030  3:012°  22.83t421° 1266:057° IS
19172054 1 3740.18° 68.49:051°  166:0.9°  28+0.08°  23.83+44°  13t1*  IR-lh
19205011 1 612025° 68.18+0.55° 163:0.03 2743009 23.26£129° 13.33:057° IR-2h
18952048 14210370 68412070 16760020  266:0.14° 22.33:313°  13:0°  IR-3h

h=high moisture, I=low moisture, S=single direction air flow drying, R-1h=reverse air flow drying-1 hour from top,
R-2h=reverse air flow drying-2 hour from top, R-3h=reverse air flow drying-3 hour from top
Mean values + standard error mean (SEM), the same lower case letters are not significantly different (P >0.05)

4 - Conclusion

According to the results of this research, the
longest drying time was related to one-way flow
treatment, which resulted in maximum energy
consumption and minimum drying capacity
compared to other samples in each moisture
treatment. The three-hour reverse flow drying
treatment had the minimum value in this regard.
In both humidity treatments (high and low), in all
three layers, the highest efficiency of healthy rice
was related to the three-hour reverse air flow
treatment. The early change of air flow in the
reverse flow drying operation of paddy,
especially in paddy with high initial moisture, led
to a decrease in healthy rice produced in the
layers and the combined sample obtained from
three layers compared to the one-way flow drying
method. Although the use of a box dryer equipped
with reverse air flow instead of one-way flow can
play an effective role in preventing excessive
drying of the lower paddies, but the incorrect
selection of drying parameters in this type of
dryer can cause moisture absorption by the dried
paddies in the mutual layers and finally lead to an
increase in waste in the form of broken rice;
Therefore, it is necessary to manage the change
of air flow in such a way that moisture absorption
in the cross layers is minimized.
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